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We summarize ve years of continuous monitoring of accretion-powered pulsars with the Burst and
Transient Source Experiment (BATSE) on the Compton Gamma Ray Observatory. Our 20{70 keV observa-
tions have determined or rened the orbital parameters of 13 binaries, discovered 5 new transient accreting
pulsars, measured the pulsed flux history during outbursts of 12 transients (GRO J1744{28, 4U 0115+634,
GRO J1750{27, GS 0834{430, 2S 1417{624, GRO J1948+32, EXO 2030+375, GRO J1008{57, A 0535+26,
GRO J2058+42, 4U 1145{619 and A 1118{616), and also measured the accretion torque history of during
outbursts of 6 of those transients whose orbital parameters were also known. We have also continuously
measured the pulsed flux and spin frequency for eight persistently accreting pulsars (Her X-1, Cen X-3,
Vela X-1, OAO 1657{415, GX 301{2, 4U 1626{67, 4U 1538{52, and GX 1+4). Because of their continuity
and uniformity over a long baseline, BATSE observations have provided new insights into the long-term
behavior of accreting magnetic stars. We have found that all accreting pulsars show stochastic variations
in their spin frequencies and luminosities, including those displaying secular spin-up or spin-down on long
time scales, blurring the conventional distinction between disk-fed and wind-fed binaries. Pulsed flux and
accretion torque are strongly correlated in outbursts of transient accreting pulsars, but uncorrelated, or
even anticorrelated, in persistent sources. We describe daily folded pulse proles, frequency, and flux mea-
surements that are available through the Compton Observatory Science Support Center at NASA-Goddard
Space Flight Center.
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INTRODUCTION
Accreting X-ray pulsars were discovered over 25 years ago (Giacconi et al.1971), and a qualitative
description of both the accretion process and the origin of the pulsed emission was understood almost
immediately (Pringle & Rees 1972; Davidson & Ostriker 1973; Lamb, Pethick & Pines 1973). X-ray pulsars
are rotating and strongly magnetized (B1011 G) neutron stars which accrete gas from a stellar companion.
As the accreting material approaches the neutron star, the plasma is channeled to the magnetic polar caps,
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where it releases its gravitational energy as X and γ-radiation; these rotating hotspots are the sources of
the pulsed emission. Despite more than two decades of study, however, many details of this scenario remain
poorly understood.
Pringle72,Davidson73,Lamb73
The accreting pulsars are also important evolutionary links to other binary systems containing neutron
stars. Some young neutron stars with high mass companions may begin their lives as rotation-powered radio
pulsars (Johnston et al. 1992, Kaspi et al. 1994) and become X-ray sources only during episodes of signicant
mass transfer later in life. On the other hand, there is some evidence that extended episodes of accretion onto
neutron stars with low mass companions can cause their magnetic elds to decay (Bhattacharya & Srinivasan
1995). If the inner accretion disk can then extend nearly down to the stellar surface, these neutron stars
should spin up to millisecond rotation periods (Alpar et al.1982); there is mounting evidence that the low
mass X-ray binaries contain rapidly rotating neutron stars (see for example Strohmayer et. al. 1996) and are
the birthplace of the millisecond radio pulsars. Perhaps most importantly, the qualitative picture developed
in the early 1970s to explain the behavior of X-ray pulsars has become the paradigm for accretion onto
other types of magnetic stars, such as magnetic CVs and T Tauri stars (Warner90,Konigl91). It is thus
becoming increasingly important that the standard picture of X-ray pulsars developed more than 20 years
ago be tested critically.
Johnston92,Bhattacharya95,Kaspi94,Konigl91,Alpar82, Strohmayer96,Warner90
Much of our understanding of accretion-powered pulsars originates from accurate timing of the pulsed
emission. Just as in binary radio pulsars, the orbital motion causes a modulation in the observed pulse fre-
quency, which allows the determination of the binary orbital parameters. The small moment of inertia of a
neutron star makes it possible to measure directly the intrinsic changes in the pulsar spin frequency caused by
angular momentum gained (or lost) during the accretion process on days timescales. This can potentially
reveal the nature of the accretion flow { a persistent trend in the spin frequency indicates the presence of an ac-
cretion disk, while short term changes with no persistent trend are usually indicative of a wind-fed system. As
of this writing, there are 44 known accreting pulsars in our Galaxy and the Magellanic Clouds, with spin peri-
ods ranging from 0.069 sthrough1413 s:Approximatelyhalfoftheseobjectsareobservedonlyduringepisodesoftransientaccreti
The physics and astronomy of accretion-powered pulsars have been reviewed previously. White, Nagase
& Parmar (1995) reviewed accreting X-ray binaries in general. Nagase (1989) reviewed observations of ac-
creting pulsars. Hayakawa (1985) provided a theoretical overview of accretion physics and spectral formation
in strong magnetic elds. Joss & Rappaport (1984) reviewed neutron stars in binaries. White, Swank &
Holt (1983) presented energy spectra and pulse proles. Rappaport & Joss (1977a,b) reviewed the \standard
model" for accretion torques and pulse proles.
White95 White83 RappaportJoss77a RappaportJoss77b Hayakawa85
In this paper we summarize over ve years of observations of accreting binary pulsars with the all-sky
BATSE instrument on the Compton Gamma Ray Observatory. BATSE’s principal advantage over previous
instruments for studying accreting pulsars is its continuous monitoring capability. The timing data we present
here represent a 100-fold increase in the time resolution of spin frequency histories of persistent pulsars,
and the rst long-term, spatially-uniform monitoring program for the detection of new pulsars and recurrent
transients. We have thus detected and studied nearly half of the known accreting pulsars and determined
accurate orbital parameters for 13 of these systems. Table lists all known accreting pulsars along with their
positions in galactic coordinates, spin and orbital periods, and companion type (where known).
BATSE’s continuous timing of X-ray pulsars gives the neutron star spin period history over timescales of
days to years and is ideally suited for detailed studies of the accretion torque. Our observations give a quali-
tatively dierent picture of the spin behavior of disk-fed pulsars on long timescales ( years) than understood
from pre-BATSE measurements (see Nagase 1989 and references therein). Moreover, BATSE has been able
to test theories of accretion torque on short timescales ( days). This has led to several unexpected discov-
eries in disk-fed pulsars: (1) the transition between spin-up and spin-down in 4U 1626{67 (Chakrabarty97a)
and Cen X-3, (2) anticorrelated behavior of torque and luminosity in GX 1+4 (Chakrabarty97b) and (3)
evidence that transient accretion disks sometimes form in GX 301{2 (Koh97). By monitoring these changes
along with variations in the pulsed luminosity, we may be able to learn about the complex interaction be-
tween the magnetosphere and the accretion flow { physics which is at work in a broad variety of accreting
systems but can only be measured dynamically in accretion-powered pulsars.
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Five of the 13 transient systems detected by BATSE are new binaries. Combining these discoveries
with the \recovery" of previously known transients yields new information on the population and typical
distance of these sources. In addition to the recent discovery that the bursting transient GRO J1744{28 is
a 2 Hz pulsar (Finger96a), the discovery of quasi-periodic oscillations in the accreting transient A 0536+26
(Finger96c) gave us the best evidence yet for periodic phenomena originating from the magnetospheric radius.
Section 2 outlines how we take maximum advantage of the BATSE instrument by actively processing
the standard data sets (DISCLA and CONT). We also summarize our data analysis methods and give our
typical flux sensitivity as a function of spin period. Appendices A and B contain additional details about
our data analysis technique. A summary and brief review of the science that can be done by pulse timing
of accreting pulsars is provided in x3. Section 4 presents a synopsis of BATSE observations with frequency
and flux histories for each accreting pulsar we detected. We also provide pointers to the literature where
more details can be found. Section 5 is a discussion of how the BATSE observations have changed our
understanding of the long-term spin evolution of accreting pulsars and the nature of transient sources. We
conclude in x6 with a brief summary of our primary discoveries.
X-ray transients.the resulting sensitivity to a pulsed source of high frequencies is equationeq:countlimit CS  1:1 (CB2000 )
1=2
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